Background: To establish computed tomography (CT) characteristics, distribution and provide normative data about size of normal inguinal lymph nodes in a pediatric population. Materials and methods: 481 otherwise healthy children (147 girls, mean age: 8,87, range 0-17 years) underwent pelvic CT in the setting of high-energy trauma were included in the study. Both axial and coronal 1,25-mm reconstructions were evaluated for the presence, location (deep or superficial), number, presence of fat attenuation, and shape of the lymph nodes, short-axis diameter of the biggest lymph node for each of right and left inguinal regions. Results: A total of 7556 lymph nodes were detected in 481 subjects [The mean count of superficial and deep inguinal lymph nodes was 13,35 (range 6-23) and 2,36 (range 0-7) per subject respectively]: 15% (1135/7556) deep located, 85% (6421/7556) superficial located, 86,6% (6547/7556) with fat attenuation, 99,2% (7496/7556) oval in shape, 0,8% (60/7556) spherical. The short-axis diameter of the lymph nodes increased with age. [Pearson's correlation coefficient; for superficial and deep lymph nodes in boys and girls, respectively; 0.538 (p<0.001), 0.504 (p<0.001), 0.452 (p<0.001) and 0.268 (p<0.001)]. The mean maximum short-axis diameters in different age groups and gender varied between 6,33±0,85 mm and 8,68±1,33 mm for superficial, 3,62±1,16 mm and 5,83±1,05 mm for deep inguinal lymph nodes. 2 Conclusions: Inguinal lymph nodes were multiple, commonly contained fat, and oval in shape. The data determined about inguinal lymph node size in different pediatric age groups may be applicable as normative data in daily clinical CT evaluation practice.
INTRODUCTION
Lymphadenopathy is a commonly encountered clinical sign indicating either infectious or malignant pathologies in children. Imaging characteristics including being round than oval in shape, disappearance of fatty hilum, asymmetrical thickening of the cortex and enlargement have been reported to be associated with abnormal lymph nodes [3] . Inguinal lymph nodes are usually identified incidentally in the field-of-view of pelvic or abdominopelvic computed tomography (CT) examinations. In order to differentiate normal lymph nodes from pathologic ones on CT, to be aware of normal imaging characteristics and size limits is crucial.
There have been very few studies providing information about size range and imaging characteristics of normal inguinal lymph nodes in adult age group [1, 4, 9, 10] . However, to our knowledge, there have been neither established size criteria nor a study assessing imaging characteristics and distribution of inguinal lymph nodes on CT in children.
CT is a frequently used imaging modality to evaluate patients suffered from highenergy trauma. Because of well-known harmful effects of exposure to the radiation, ethically it is impossible to obtain CT examinations with a healthy pediatric volunteer study group.
However, we suggest that otherwise healthy children who underwent CT in the setting of high-energy trauma could be considered as a sample study group and may represent normal healthy children population. Therefore, in this study we aimed to establish CT characteristics, distribution and provide normative data about size of inguinal lymph nodes in children with high-energy trauma.
MATERIALS AND METHODS
The current study complied with the Declaration of Helsinki and was approved by the Ethics Committee of the institution. (Approval number: 2016/445, date: 29.07.2016) 3 
Subjects
The current study was institutional review board approved and compliant with the Declaration of Helsinki. Due to ethical considerations of CT associated radiation exposure, a retrospective study was conducted. A search of radiology information system and medical records for the pediatric patients who underwent abdominopelvic or pelvic CT in the setting of high-energy trauma between July 2012 and December 2015 revealed 485 otherwise healthy children. Of these, four patients were excluded due to causes (motion artifacts in two, and subcutaneous emphysema in rest) that compromised the evaluation of inguinal lymph nodes.
Therefore, 481 children (147 girls, mean age: 8,87, range 0-17 years) were recruited for the study.
CT examination procedure
The CT examinations were performed on a clinical CT scanner (GE Light Speed 16;
General Electric Medical Systems, Waukesha, WI, USA) with 16 × 0,625 collimation. The exposure settings were adjusted to patient size and ranged from 40 to 340 mAs and from 80 to 120 kV. A data matrix of 512 × 512 was chosen. Axial images with slice thickness of 1,25 mm were reconstructed including the abdominopelvic or pelvic area. 90.2 % (434/481) of examinations were performed with 1 cc/kg intravenous iodinated contrast medium administration.
CT image analysis
All CT examinations were evaluated by a pediatric radiologist with 6 years of post residency experience (M. S. D) retrospectively. To accurately investigate inguinal lymph nodes, both axial images and coronal plane reformatted images were evaluated. According to the location, inguinal lymph nodes were grouped as superficial and deep. The former included lymph nodes located at anterior or lateral to the superficial femoral vessels and the saphenous veins at or inferior to the level of inguinal ligament in the subcutaneous tissue, whereas the latter consisted of lymph nodes located along the common femoral vessels, generally medial to the common femoral vein [1, 5, 8] , (Figure 1 ). The Inguinal ligament and the origins of the circumflex iliac and inferior epigastric vessels were regarded as landmarks to differentiate the deep inguinal lymph nodes from the medial chain of external iliac nodes [8] . Thus, inguinal lymph nodes were defined as superficial or deep for each of left and right sides and subsequently four inguinal areas (right and left superficial/deep) were described for each 4 subject. The number of lymph nodes was counted for each area and the presence of fat attenuation, shape (as spherical or oval) of the lymph nodes were noted for each of lymph nodes. The short axis diameter of the biggest inguinal lymph node for each of four areas was measured by using an electronic caliper tool on an available diagnostic screen.
Statistical analysis
Statistical analyses were carried out using SPSS v.22.0 (IBM Corp., Armonk, NY, USA). Data were expressed either as frequencies or mean ± standard deviation (SD). Shapiro-Wilk's test was implemented, a histogram and q-q plot were examined to assess the data normality. Levene's test was used to assess the variance homogeneity. Paired samples t-test was applied to compare variables between deep and superficial location and left and right side. Student t-test was used to compare variables between males and females. Pearson's correlation analysis was implemented to determine the relationship between lymph node size and age groups. Scatter charts were drawn with ± 2 SD values besides means. A p-value < 0.05 was considered statistically significant.
RESULTS
A total of 7556 lymph nodes were detected in 481 subjects. Of these, 99,2 % (n: 7496) were oval in shape, whereas 0,8 % (n: 60) were spherical. There were total of 6421 (85 %, 3209 on right side) superficial and 1135 (15 %, 584 on right side) deep inguinal lymph nodes.
The mean count of superficial and deep inguinal lymph nodes was 13,35±3,27 (range 6-23) and 2,36±1,46 (range 0-7) per subject respectively. In 12.9 % (n: 62) of the subjects, no deep inguinal lymph nodes were detected in neither side. With regard to number of superficial and deep lymph nodes, there was no statistical difference between left versus right side (p = 0,994, p = 0,109) or between male versus female (p = 0,099, p = 0,505, respectively). However, there was statistically significant difference in number of lymph nodes between superficial and deep regions (p < 0,001).
Fat attenuation was detected in 86,6 % [n: 6547, 73,9 % (839/1135) of deep, 88,9 % (5708/6421) of superficial] of all lymph nodes. The presence of fat attenuation was significantly more common on superficial lymph nodes compared to deep ones (p < 0,001). 5 The overall mean short axis diameter of the biggest lymph node (mean maximum short axis diameter) of superficial lymph nodes (mean 7,45±1,59 mm, range 3,6-15,4 mm) was significantly higher (p < 0,001) compared to deep lymph nodes (mean 4,68±1,38 mm, range 1,3-10,2 mm) (p < 0,001). In point of short axis diameters of superficial and deep lymph nodes, there was no statistical difference between left versus right side (p = 0,739, p = 0,121 respectively) whereas there were statistical differences between male versus female (p = 0,044, p = 0,010 respectively). The mean maximum short axis diameters of the biggest lymph node for superficial and deep lymph nodes were 7,55±1,67 mm (range 3,7 -15,4 mm) and 4,79±1,42 mm (range 1,3-10,2 mm) in boys and 7,23±1,39 mm (range 3,6-11,5 mm) and 4,41±1,27 mm (range 1,5 -8 mm) in girls.
The short-axis diameters of the lymph nodes were detected to increase with age.
Pearson's correlation coefficient for superficial and deep lymph nodes in boys and girls was: 0.538 (p<0.001), 0.504 (p<0.001), 0.452 (p<0.001) and 0.268 (p<0.001), respectively.
According to the different age groups, the mean maximum short-axis size of lymph nodes ranged from 6,33±0,85 to 8,68±1,33mm and 3,92±0,84 to 5,83±1,05 mm for superficial and deep lymph nodes in boys respectively. In girls, it ranged from 6,34±1,55 to 8,51±1,43 mm and 3,62±1,16 to 5,16±1,44 mm for superficial and deep lymph nodes respectively. For superficial and deep lymph nodes in boys and girls age-related maximum values at 2 SD above the mean of 11,34; 9,1; 11,37; and 8,04 mm were calculated. Detailed results are revealed in table 1 and 2. Graphic illustrations of the mean maximum short axis diameters of the superficial and deep lymph nodes for both boys and girls according to age groups are shown in Figure 2 
DISCUSSION
The lymph nodes in either superficial or deep location are encountered on almost every pelvic CT examinations in children. In our opinion, the most striking result of this study is that it has provided information about normal limits of short-axis diameters per location and age for children aged 0 -17 years. We have founded short axis diameter values at 2 SD above the mean, increasing with age up to 11,34 mm; 9,1 mm; 11,37 mm; and 8,04 mm for superficial and deep lymph nodes in boys and girls respectively. In the clinical approach, while a maximum diameter of 10 mm is being considered as normal for lymph nodes in general, some authors have suggested a maximum diameter of 15 mm for inguinal lymph 6 nodes as normal in children [6, 7] . However, these criteria are used in the clinical practice and do not depend on any imaging method. In a limited number of studies assessing size of normal inguinal lymph nodes on different imaging modalities in adults, upper limit of short axis diameter of inguinal lymph nodes varies between 7-15 mm [1, 4, 9, 10] . The study evaluated inguinal lymph nodes in asymptomatic patients on CT revealed a mean short axis of 5,4 mm, and a value of 8,8 mm at 2 SD above the mean for all inguinal lymph nodes [1] . To our knowledge, there has been no study assessing normal inguinal lymph nodes on CT in children. We also aimed to determine lymph node sizes separately for superficial and deep location according to gender.
Furthermore, this study revealed the positive correlation of short-axis diameter of inguinal lymph nodes and age for both superficial and deep located lymph nodes in boys and girls. However, the positive correlation was found to be stronger in boys than girls. The mean maximum short axis diameter-age curves in boys were smoother compared to that of in girls (Figure 2-5 ). All these differences may be attributed to relatively large number of boys compared to that of girls to represent more accurately normal population.
Our study has also established CT characteristics and distribution of normal inguinal lymph nodes in children. Inguinal lymph nodes were multiple and symmetrical in size and number, commonly contained fat, and oval in shape similar to the CT study in adults [1] . The mean count of superficial lymph nodes was 13,35 (range 6-23), and the mean count of deep inguinal lymph nodes was 2,36 (range 0-7) per subject. These data are similar to the results of a cadaveric dissection study [2] in which the mean number of superficial and deep lymph nodes were observed as 13.60 and 1,71 respectively. Our result of mean count of superficial lymph nodes also agree with the CT study [1] in which the mean number of superficial lymph nodes was detected as 11.7, whereas the mean number of deep lymph nodes (1,2 per patient) in that study differs from that of ours.
This study showed that there was a significant difference between superficial and deep lymph nodes in terms of number and size in favor of superficial, consistent with the literature [1, 2] . The ratio of presence of fat attenuation in superficial lymph nodes (88,9 %) was significantly higher than in deep lymph nodes (73,9 %) as in the literature [1] . This may be due to smaller size of deep lymph nodes compared to superficial ones, which interfered appreciation of fat attenuation. 7 Similar to the literature, there was no significant difference between male and female with regard to number of superficial and deep lymph nodes [1] . However, mean maximum short axis diameter of lymph nodes in boys was statistically higher than in girls. The overall mean short axis diameters of the biggest lymph node for superficial and deep lymph nodes were noted as 7,55 mm and 4,79 mm in boys and 7,23 mm and 4,41 mm in girls. The differences between mean maximum short axis diameters of the biggest lymph nodes of boys and girls were calculated as 0,32 mm and 0,38 mm for superficial and deep lymph nodes respectively. Although statistically significant, these differences may be of clinically insignificant.
There are several limitations to be considered. First, since it's ethically impossible to perform the CT examinations on a study group of healthy children due to well-known harmful effects of radiation exposure, we retrospectively evaluated previously acquired CT examinations of pediatric patients suffered from trauma. Second, the medical records of some patients were limited to trauma incident and consisted of no history of other diseases. So that, to accept whole study patients as otherwise healthy may be inaccurate. Third, we did not have any histopathological proof verifying normality of lymph nodes. Lastly, as mentioned above, the number of girls recruited in the study, particularly in the age group of 10-11, was relatively less compared to boys.
CONCLUSIONS
Inguinal lymph nodes were multiple, symmetrical in size and number, commonly contained fat, and oval in shape in children. There was statistically significant difference between superficial and deep lymph nodes with regard to number, size and fat attenuation.
Statistical difference was also detected between male and female in terms of short axis diameter in favor of male. The data determined about inguinal lymph node size in different pediatric age groups may be applicable as normative data in daily clinical CT evaluation practice.
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